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Abstract. This paper presents a brief analysis of an escalator human factors da-
taset collected in a London Underground (subway) station in England.  The data 
analysis highlights and quantifies a variety of escalator human factors. Using 
the buildingEXODUS evacuation software, a series of evacuation scenarios of a 
hypothetical underground station are then presented. The simulation results 
demonstrate that escalator strategies and associated human factors can have a 
considerably influence upon an evacuation compared to using stairs alone. 
Keywords: escalator, evacuation, modeling, pedestrian, human factors, under-
ground, subway, transit station 
1 Introduction 
The development and expansion of underground (subway) stations, often located deep 
underground, has been possible with the introduction of escalators capable of effi-
ciently transporting large volumes of people [1]. As a result, underground stations are 
reliant upon escalators for circulation and in many cases emergency evacuation. De-
spite this, few studies have attempted to quantify human factors associated with esca-
lator usage (microscopic analysis), the majority of past studies focusing on establish-
ing capacity (macroscopic analysis) rather than usage behaviours [2-4].  
 
As such, it is uncertain how human factors associated with escalator usage impact 
escalator performance in both circulation and evacuation situations. It is also uncer-
tain whether human factors associated with escalator usage has a cultural component.  
To address these issues, escalator human factors data within three underground station 
environments in Spain (Barcelona) [5], China (Shanghai) [6] and England (London) 
have been collected. In each location the same methodology for data collection and 
analysis was used. This paper presents an overview of the analysis for the London 
dataset.  This data has been implemented within the buildingEXODUS escalator 
model [7].  In addition, a series of evacuation scenarios has then been simulated using 
the buildingEXODUS evacuation software [7]. These explore the influence of the 
escalator human factors and operational strategies upon an evacuation.  
2 Data Collection 
The data was collected in the Paddington Underground station in London, England. 
The station links the underground rail network to the mainline national rail services 
and also forms part of the Heathrow airport express/connect coach service. In addi-
tion, it links four underground tube lines (Bakerloo, Circle, District, and Hammers-
mith & City). As such many commuters and international travellers pass through the 
station every day. The footage of two adjacent escalators and an adjacent stair was 
collected over a period of two days. The escalators were moving in opposite direc-
tions. Each escalator had a vertical drop of 3.65m with a horizontal length of 8.78m 
and horizontal speed of 0.5 m/s. The adjacent three lane stair (separated by two hand 
rails) comprised of two flights connected via a single landing (see Fig. 1). The escala-
tors/stair linked the ticket hall level of the underground station to the adjoining main-




Fig. 1. Escalator/stair configuration (not to scale) 
Data was collected via video footage in approximate 20 minute segments during the 
morning rush-hour, afternoon non-rush hour and evening rush-hour for two days (2 x 
3 x 20 = 120 min of footage). 
3 Data Analysis 
The following section presents a brief overview of the data analysis. In total, 11,019 
pedestrians were recorded: 6,123 on the escalators and 4,896 on the stair. More males 
(59.3% (3,629)) than females (40.7% (2,494)) were observed using each escalator. 
3.1 Escalator/Stair Usage 
Combining the data from the three measurement periods, the majority of pedestrians 
travelling in the up direction elected to use the escalator (67.0%) compared the adja-
cent stair (χ2= 620.0, p<0.05). However, in the down direction the majority of pede-
strians elected to use the adjacent stair (55.3%) (χ2= 63.0, p<0.05). Considering each 
period separately, in the morning, the overall trend of the escalator being more prefe-
rential in the up direction (75.3%) (χ2=539.1, p<0.05) and stair in down direction 
(64.0%) (χ2=63.0, p<0.05) was also observed. However, during both the afternoon 
and evening periods, the escalator was the most preferred device irrespective of direc-
tion (afternoon (65.9%): χ2=105.2, p<0.05, evening (53.7%): χ2=4.6, p<0.05).  Over-
all, the results highlight that the escalator was the most used device in all time periods 
for both directions with the exception of the morning down direction. 
3.2 Walker/Rider Usage 
Of the 6,123 escalator users recorded, the majority rode the escalator (74.9%) with the 
remaining electing to walk. Significantly more males (29.2%) elected to walk com-
pared to females (19.3%) (χ2= 77.0, p<0.05). There was a significant difference be-
tween the number of walker/riders in each period (χ2= 1.8, p<0.05). Regardless of 
direction, in the evening periods there were significantly more walkers (21.0%) than 
in the afternoon periods (15.6%) (χ2= 16.3, p<0.05). In the morning periods there 
were significantly more walkers (33.5%) than in the afternoon (χ2= 147.9, p<0.05) 
and evening periods (χ2= 91.404, p<0.05). 
 
Overall there were approximately the same proportion of walkers for both the up 
(25.2%) and down (25.1%) directions (χ2=0.03, p>0.05). Considering time period, 
this trend continued for the morning periods were a similar proportion of walkers for 
both the up (34.5%) and down escalator (32%) (χ2= 1.8, p>0.05) was observed. Simi-
larly for the afternoon periods there was a comparable proportion of walkers for both 
the up (15.3%) and down escalator (15.9%) (χ2= 0.09, p>0.05). However, during the 
evening significantly more walkers were observed on the down escalator (23.6%) 
than on the up escalator (19.1%) (χ2= 5.8, p<0.05). 
 
The results show that time period influences the proportion of walkers/riders. Pede-
strians during the rush-hour periods appear more motivated (reflected in the higher 
proportion of walkers) than during the non-rush hour periods. The combination of 
time period and direction of travel only appeared to influence the proportion of walk-
ers/riders in the evening. Here significantly more walkers were recorded in the down 
direction. 
3.3 Side Usage 
Analysis of the side usage data identified that there was a common side preference for 
riders to typically use the right side (88.4%) and walkers to use the left side (78.2%) 
of each escalator (χ2= 5,853.6, p<0.05). This trend was more strong for the up direc-
tion (χ2= 4284.5, p<0.05) (91.6% riders right / 82.9% walkers left) than in the down 
direction (χ2= 1699.9, p<0.05) (83.7% riders, right / 71.4% walkers left). This sug-
gests that those on the up escalator conformed more to the common side preference 
behaviour than those on the down escalator. This may be due to more pedestrians 
typically simultaneously using the escalator in the up direction. In turn this may have 
prompted more pedestrians to conform to either riding on the right side or walking on 
the left side through not wanting to inconvenience other escalator users. 
3.4 Walker Speeds 
In total 810 escalator walker speeds were recorded. The walker speeds were calcu-
lated using the horizontal distance travelled and represent the relative speed that pede-
strians walked in relation to the escalator (i.e. do not include the escalator speed). A 
large majority of walkers were male (70.7% (572)). More walkers were observed in 
the morning (54.3% (441)) and evening (32.2% (261)) than in the afternoon (13.4% 
(108)). Overall average walker speeds were faster in the down direction (0.82m/s) 
than in the up direction (0.70 m/s) (p<0.05). On average males walked 13.33% (0.1 
m/s) faster than females (p<0.05). There was no significant difference between walker 
speeds between each period (p>0.05). The results suggest that gender and direction of 
travel influence escalator walker speeds; however, time period does not.  
3.5 Flow-rates 
The maximum escalator flow-rate was 75 ped/min in the up direction during the 
morning rush-hour period. During this period pedestrians moving in the up direction 
were funnelled into using the escalator due to the adjacent stairs being crowded with 
pedestrians moving down in the opposite direction. As such, pedestrians moving in 
the up direction had little choice to use the adjacent stair. During this peak-flow rate 
period there were a high proportion of riders (68%) with approximate even usage of 
both the left and right side of the escalator: each side was fully utilised. A slightly 
higher proportion of males (62.8%) were also recorded during this period. The ma-
jority of pedestrians (60.7%) carried items of luggage during this period. However, 
most were small items (i.e. only a rucksack (26.0%) or only a handbag (20.8%)). As 
such it is expected that this did not contribute to decreasing the flow-rate. 
4 Evacuation Simulations 
A series of evacuation scenarios have been performed using the buildingEXODUS 
evacuation software [7]. This software includes an escalator and associated agent 
model which have been described in other publications [6-8]. A description of the 




The building used for the simulations was a hypothetical underground station (see 
Fig. 2).  
 
Fig. 2. Hypothetical underground station geometry (ES= Escalator/Stair, S=Stair)  
 The geometry consisted of 2 levels. The lower level contained a double-sided plat-
form below ground connected via 5 escalators, each with adjacent stairs, to a ticket 
hall level above.  The ticket hall level is where the exits of the station are located. In 
addition, an emergency stair was positioned at either end of the platform. The plat-
form was 18m wide and approximately 140m long. Each escalator/stair enclosure 
linking the platform to the ticket level was approximately 7.5m in width and 15m in 
length. The total area of the platform was 2,407.5m
2
. Each escalator had a width of 
1.0m, height of 6.29m and horizontal length of 15.5m with a horizontal speed of 
0.5m/s. Each stair had a width of 2.3m, height of 6.29m and horizontal length of 
13.62m; consisting of 3 flights of stairs connected via two landings. 
 
The geometry had two exits (Exit 1 and Exit 2) both located on the ticket hall level 
(see Fig. 2). Exit 1 was 18m in width and Exit 2 was 7m in width, both representing 
an open plan exit without doors. The maximum travel distance to Exit 1 and 2 was 
67.3m and 68.3m respectively from the platform level.   
4.2 Population 
Within each scenario agents were modelled as non-connected individuals and were 
not constrained by groups. The demographics of the agent were assigned according to 
the default population within buildingEXODUS, representing a broad cross-section of 
attributes and capabilities [7]. The default stair walker speeds used in buildingEX-
ODUS [7] were derived from those collected by Fruin [9]. The escalator walker 
speeds used in the scenarios were derived from the London Underground dataset (see 
above).  
 
The NFPA 130 Standard for Fixed Guideway Transit and Passenger Rail Systems 
2010 [10] includes recommendations for maximum occupancy levels within train 
stations. It states that the maximum agent load for a train station shall be based on 
trains simultaneously arriving at each platform within a station plus the simultaneous 
arrival of individuals entering the station for each train during peak times. The 1996 
Rolling Stock 7 car design (currently used on the Jubilee line in the London Under-
ground) spans a length of approximately 124 metres which is similar to the platform 
length in the hypothetical geometry. Such trains allow a maximum train capacity of 
964 passengers (234 sitting, 730 standing) [11]. 
 
In addition to representing occupants simultaneously arriving on trains at each plat-
form, those occupants that would already be waiting on each platform was also 
represented. The platform waiting occupancy has been proposed to be 50% of the 
maximum train capacity. In the given geometry this equates to 2x482=964 agents (for 
two trains on either side of the platform). This waiting occupancy frequency is consi-
dered to be the upper limit of the maximum platform occupancy. All occupants in-
itially on the platform level were assumed to be located on the platform itself and no 
representation of occupants disembarking trains is represented. Combined with the 
maximum capacity for a train on each platform gives a total platform level occupancy 
of 2,892 agents. The total occupancy on the platform is considered maximal and 
meant that on average the platform effectively had approximately 1.2 ped/m² which 
corresponds to Fruin's level of service E described as "Standing in physical contact 
with others is unavoidable" [9]. 
 
Within all scenarios, approximately an even number of agents initially on the platform 
level elect to use each of the five escalators/stairs to traverse to the ticket hall above 
as part of their egress. The initial agent starting locations on the platform were speci-
fied such that these frequencies for device usage were achieved with agents using 
their nearest escalator/stair. This was to ensure that any single escalator/stair was not 
disproportionally oversubscribed (so extending the evacuation). Though uneven esca-
lator/stair loading would decrease the efficiency of an evacuation, the focus of this 
investigation is how escalator strategies and human factors influence an evacuation. 
Approximately 10% (388) of all platform agents were assumed to use the emergency 
stairs at either end of the platform. This represents the decreased usage (compared to 
the main escalators/stairs) due to the expected lack of familiarity with stairs due to not 
being used during normal circulation situations. 
 
The ticket hall level above was assumed to be initially occupied by the same number 
of waiting agents on a single platform (964). This was intended to represent both en-
tering and exiting agents to the station. The frequency of agents initially on the ticket 
level were assigned to use each exit according to the proportion of the aggregated 
width each exit provided; with 28.0% (270) assigned to Exit 1 and 72.0% (694) as-
signed to Exit 2. As with the escalator/stair assignment on the platform level, this was 
to minimise the influence of uneven usage of exits and the potential decrease in evac-
uation efficiency caused. Combining the total platform and ticket level occupancy, the 
entire occupancy of the station was 3,856 agents. 
 
Passenger response times for underground station environments are not well docu-
mented and so response times were specified using the Chinese Design Code for 
Subway stations [12].  This specifies an average evacuation response time of 60 
seconds for people in a transit station. Such specifications have been typically used to 
assess upper limit design requirements. With this in mind, agents within the modelled 
scenarios were randomly uniformly assigned a response time range between 0-120 
seconds (0-2 minutes) with an average of 60 seconds. 
4.3 Scenarios 
A series of 12 evacuation scenarios were performed exploring the influence of differ-
ent escalator strategies and escalator human factors upon the evacuation (see Table 
1). The scenarios investigated are: 
- Scenario 1: Only the stairs were used with the escalators not being used. 
- Scenario 2: The stairs and escalators could be used however, the escalators 
were static: agents could walk up the escalators if they chose to. No data was 
collected with regards to static escalator walker speeds in each of the studies. 
As such agents assessed whether to use a static escalator based on their stair 
walker speed. If agents elected to use the static escalator they would use their 
stair walker speed to traverse the escalator.  
- Scenarios 3-8: Explored the impact of different human factors upon an evac-
uation. This included analysing the influence of the number of escalator/stair 
users, number of walkers/riders, ride side usage, and different congestion 
threshold values [7].  
- Scenarios 9-11: Focused on the influence of escalators/stairs being unavaila-
ble.  
- Scenario 12: Employed the escalator human factors data collected from the 
London Underground presented in Section 3. The proportion of escala-
tor/stair users, walkers/riders and side usage values were derived from the up 
morning rush-hour data [8]. This was considered appropriate considering po-
tential increased levels of motivation during such periods. 
 
Each scenario was run a total of five times and the average results are presented in 
Table 2. 
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(ped/m2) Escalator Stair Walker Rider Left Right 
1 - 0 100 - - - - - 
2 Static - - - - - - 0 
3 Moving 50 50 0 100 - 100 - 
4 Moving - - 100 0 - - 0 
5 Moving - - 0 100 50 50 0 
6 Moving - - 0 100 0 100 0 
7 Moving 50 50 100 0 0 0 1 
8 Moving 50 50 100 0 0 0 2 
9 Moving - - 100 0 - - 0 
10 Moving - - 100 0 - - 0 
11 Moving - - 100 0 - - 0 
12 Moving 75.3 24.7 34.5 65.5 5.4 94.6 1 
4.4 Results 
A summary of results for each scenario is presented in Table 2 with evacuation 
curves shown in Fig. 3.  Scenario 1 represents a situation akin to potential practice in 
an actual evacuation whereby the escalators are not used and people are required to 
use only the stairs.  This scenario produced the second longest Total Evacuation Time 
(TET) of 429s with the platform taking 337s to clear. On average agents spent just 
over one minute waiting in congestion with the average Cumulative Wait Time 
(CWT) being 67.6s. Another common practice during an evacuation is to turn the 
escalators off, but allow agents to walk on the devices. If it is assumed that agents 
elect to use a device based on the shortest time system (Scenario 2), the TET reduces 
to 353s, a decrease of 17.8% (76s). In addition, the platform clearance time also re-
duced to 273s, a decrease of 19.0% (64s). On average approximately a quarter of 
agents (26.1%) who made an escalator/stair choice, used an escalator. This reflects the 
influence of the increased width of the stairs compared to the static escalator. 
Table 2. Average TET, PET, CWT, Platform Clearance Time, Door 1 and 2 Exit times for each 









































1 429 199 67.6 337 - -21.6 - -23.4 
2 353 170 40.5 273 17.8 - 19.0 - 
3 380 174 42.7 307 11.5 -7.7 8.8 -12.6 
4 325 163 36.3 246 24.3 8.0 27.0 10.0 
5 339 170 36.6 268 21.1 4.0 20.4 1.7 
6 361 175 40.9 291 15.8 -2.4 13.5 -6.8 
7 321 160 32.6 247 25.1 9.0 26.7 9.6 
8 315 159 31.5 229 26.7 10.8 31.9 15.9 
9 367 173 46.2 270 14.4 -4.1 19.9 1.1 
10 421 183 56.9 327 1.9 -19.3 2.9 -19.9 
11 564 230 95.7 468 -31.4 -59.8 -39.0 -71.6 
12 336 167 35.1 254 21.6 4.7 24.5 6.9 
 
 
In Scenario 3 the escalators were active, agents were evenly assigned to use both the 
escalators/stairs and all escalator users rode on the right side. During this scenario a 
small increase (7.7% (27s)) in TET to 380s was observed compared to the static esca-
lator case (Scenario 2).  If it is now assumed that agents elect to use a device based on 
the shortest time system with all escalator users walking (Scenario 4), the TET reduc-
es even further to 325s. This represents a decrease of 24.3% (104s) compared to the 
stair only scenario and was one of the fastest scenarios. Similarly the platform clear-
ance time also decreased by 27.0% (91s) to 246s compared to the stair only scenario. 
A reduction in average CWT by almost a half (46.3% (31.3s)) to 36.3s was also rec-
orded compared to the stair only scenario. On average a higher proportion of agents 
elected to use the escalator (59.5%) compared to the stairs (40.5%). An increased 
overall average flow-rate of agents onto the escalators (87.7 ped/min) was observed 
compared to Scenario 3 (68.3 ped/min) where agents were only allowed to board the 
right side and ride the escalator.  
 
In Scenario 5 all escalator users were assumed to ride with an even number adopting 
each side. In this scenario an average decrease in TET of 10.8% (41s) and 12.7% 
(39s) in platform clearance time can be seen compared to when escalator users all 
rode on the right side (Scenario 3).  Compared to when all escalator users walked 
(Scenario 4), only a slight increase in TET (5.2% (17s)) and platform clearance time 
(9.2% (23s)) was recorded.  
 
Scenario 6 is identical to Scenario 3 where all escalator users rode on the right side, 
except that agents selected to use a device according to which one they expect they 
could traverse in the shortest time (i.e. the shortest time system [7]) instead of evenly 
being assigned. A slight decrease in TET by 4.7% (18s) was observed compared to 
Scenario 3 with a similar reduction (5.1% (16s)) in platform clearance times. Approx-
imately an even number of agents used each escalator/stair with the average 
PET/CWT being similar in both scenarios. 
  
Scenario 7 extended Scenario 4 by using the hybrid device selection system [7]. In 
this scenario a Congestion Threshold (CT) value of 1ped/m
2
 was set with even usage 
of each escalator/stair imposed before the CT was reached. The scenario produced 
one of the shortest TETs (321s) and platform clearance times (247s). It was compara-
ble to Scenario 4 where all agents used the shortest time system when choosing to use 
an escalator/stair. In Scenario 4 approximately an even number of agents used each 
escalator/stair. As such assigning an even proportion of agents to use each device 
before a given level of congestion was reached in Scenario 7 had little effect. A simi-
lar phenomenon occurred in Scenario 8 where the altered CT of 2ped/m
2
 had little 
influence upon the overall evacuation compared to Scenario 4. 
 
The concept of reducing escalator/stair availability is introduced in Scenario 9. In this 
scenario ES1 was unavailable with agents who would have used ES1 evenly using the 
remaining escalators/stairs. In addition, the shortest time system was used with all 
escalator users walking. Both the TET and platform clearance times were marginally 
longer by 12.9% (42s) and 9.8% (24s) respectively compared to when all escala-
tors/stairs were available (Scenario 4). Scenario 10 extends the escalator/stair unavai-
lability concept to two escalator/stairs (ES1 and ES5) being unavailable at either end 
of the platform. Here an average TET of 421s and platform clearance time of 327s 
was recorded which is similar to the time taken to evacuate the station in the stair only 
scenario (Scenario 1). Despite this, the evacuation rate was notably higher than the 
stair only case for a large proportion of the TET: between approximately 42.8% 
(180s) - 87.9% (370s) of the TET (see Table 2). This was due to the added vertical 
throughput afforded by the available escalators and escalator users all walking. The 
TET from Scenario 10 increased by 29.6% (96s) compared to Scenario 4 where all 
escalators/stairs were available. The final scenario involving escalator/stair unavaila-
bility was Scenario 11 where 3 escalators/stairs were unavailable. This scenario pro-
duced the longest TET of all scenarios at 564s, representing a 73.6% (239s) increase 
compared to Scenario 4 where all escalator/stairs were available. In all scenarios in-
volving escalators/stairs being unavailable approximately an even number of agents 
used each device. The escalator/stair availability results suggest that there may not be 
a linear increase in time with linear decrease of escalators/stairs availability. This 
demonstrates that escalator human factors impact the extent to which platform clear-
ance times are increased when escalators/stairs are unavailable.  
 
The final scenario incorporated the data presented in Section 3 into the escalator mod-
el in buildingEXODUS [7]. Overall average results (see Table 2) and evacuation 
curves (see Fig. 3) were similar to that of Scenario 5 where all agents rode on both 
sides of the escalators. This reflects the similar influence of having separate walk-
er/rider lanes compared to all agents riding using both sides. Since only 5.4% of riders 
in the data were observed to use the walker lane, in the model this meant that few 
agents that were riders would have blocked walkers from walking up the walker lane 
(i.e. this further contributed to the similarities with Scenario 5). In addition, since the 
levels of congestion increased quickly at the base of each escalator/stair, the influence 
of the CT being set to 1ped/m
2
 was reduced. Thus, most agents selected a device us-
ing the shortest time system in both Scenario 5 and Scenario 11. 
 
 
Fig. 3. Evacuation curves for each scenario 
In all scenarios agents initially on the ticket hall level were among the first to eva-
cuate the station so varying escalator strategies or associated human factors had little 
influence on those agents. Consequently the evacuation curves for all scenarios (see 
Fig. 3) are similar for the first 964 agents in each scenario (i.e. the total ticket hall 
population). The remaining agents evacuated from the platform level below so were 
influenced by the different escalator strategies and escalator agent behaviour. As such 
the evacuation curves begin to differ after approximately the ticket hall agents eva-
cuated. 
5 Conclusion 
This paper has presented a brief overview of the analysis of an escalator human fac-
tors dataset collected in a London Underground station. The analysis showed the esca-
lators to be the most used devices compared to the adjacent stairs with most escalator 
users electing to ride rather than walk. Escalator users were observed to strongly 
adopt a common side preference whereby riders used the right side and walkers use 
the left side. Escalator users typically walked faster in the down direction and males 
walked faster than females. When peak flow-rates were observed, approximately an 
even number of escalator users occupied both the right and left sides with a higher 
proportion of walkers typically carrying small items e.g. handbags, rucksacks etc. 
Some human factors were shown to be influenced by direction of travel and time 
period. 
Results from a series of evacuation simulation scenarios were presented, based on the 
buildingEXODUS escalator model which explored the influence of escalator strate-
gies and human factors upon evacuation efficiency.  The evacuation analysis demon-
strated that even the provision of static escalators can have a considerable influence 
upon an evacuation compared to using stairs alone. Furthermore, the provision of a 
moving escalator has been shown to decrease overall evacuation times by up to ap-
proximately 25% compared to using stairs alone and around 10% compared to using 
static escalators. Results have shown that little decrease in TET was observed when 
all escalator users walked compared to if they all rode.  This is an important observa-
tion and suggests that there is little added benefit if the population walk up the mov-
ing escalator – as this reduces tread utilisation.  Thus, urging escalator users to ride on 
both sides of an escalator, rather than walking up the moving escalator, has the advan-
tage of reducing the likelihood of users tripping on the escalator without significantly 
increasing the TET.  
Scenarios where escalators/stairs were rendered unavailable had a considerable im-
pact upon the evacuation, as expected. In those scenarios, increases in TET of up to 
60% and platform clearance times of up to 72% compared to stairs alone were record-
ed. Such findings highlight the severity caused by the unavailability of escala-
tors/stairs (e.g. due to fire/smoke, code stipulations, etc), and the need to consider 
additional provision of vertical egress capacity. 
 
Further investigation is required to assess the extent to which the results are generally 
applicable. In addition, the human factors escalator data collected from Shanghai, 
Barcelona and London is being examined to estimate the possible impact of culture on 
human behaviour associated with the use of escalators.  
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